ABSTRACT
Introduction
Osteoporosis (OP) is a chronic degenerative metabolic bone disease, and is considered a public health problem worldwide, because it affects at least 30% postmenopausal women across the world 1 . The pathogenesis of OP is very clear and the deleterious effects on bone tissue are because of decreased osteoblast activity and increased osteoclast activation. With the progressive decrease in bone density, the observed effects cause both quantitative and qualitative alterations in the bone tissue 2, 3 .
The effect of hormone deficiency is known to be preponderant over bone tissue in postmenopausal OP. Estrogen prevents accelerated bone turnover because diminished levels of estrogen stimulate increased secretion of interleukins (IL-1, IL-6) and tumor necrosis factor (TNF) by monocytes and other bone marrow cells. These cytokines are potent stimulators of recruitment, training, and activation of osteoclasts, causing greater bone resorption [4] [5] [6] . This justifies the fact that one in two women suffers a fracture because of postmenopausal OP 7 . Osteoporosis has financial, physical, and psychosocial consequences that cause significant effects at individual, family, and community levels.
Among the therapeutic options for OP treatment, the bisphosphonates stand out (zoledronate > pamidronate > alendronate > ibandronate > risedronate > etidronate > clodronate, in the order of affinity for bone matrix) 8 . These drugs are associated with an increase in bone mass because they bind to hydroxyapatite crystals. Despite the obvious benefits of treatment with bisphosphonates, they are cytotoxic 9, 10 and its prolonged use has been associated with osteonecrosis 11 , gastroesophageal irritation, and atrial fibrillation
12
. Innovative therapies include selective inhibitors of the receptor activator of nuclear kappa-B ligand (RANKL). These alternatives are costly, making the treatment less accessible and causing a considerable socioeconomic impact.
In the United States, the annual costs incurred in OP treatment exceed $ 15 billion [13] [14] [15] [16] [17] .
Considering the relevance of the topic, populations in developing nations need to be warned about the increased risk of this chronic disease in postmenopausal women, and there is an emerging need for affordable preventive and therapeutic proposals. Nutritional status and healthy lifestyle are seen as the main forms of preventing osteoporosis 18 . Animal models are useful for evaluating therapeutic methods. The model of ovariectomized rats is of particular importance in this study 1 [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . 23, 24 .
The main advantages of using phytotherapics are accessibility (cost and availability) and decreased adverse effects, compared with conventional drugs.
Bioactive compounds, such as flavonoids, monoterpenes, and other compounds, all of which are found in hydroalcoholic extracts of phytotherapics, have been indicated for treating OP [25] [26] [27] [28] [29] .
This indicates that they are very promising avenue for research. However, despite their benefits, hepatotoxic effects have been reported with the use of herbal medicines in rats, probably due to the alcohol in their composition 30 . Therefore, in this study, the effects of administering mastruz extract in rats with induced OP were evaluated by means of histological and biochemical analyses.
Methods
The experimental protocol was approved by the Ethics Committee (CEP/UNP) (number 007/2013). This protocol followed the guidelines of the Animal Experimentation Code of Ethics and Brazilian College of Animal Experimentation.
Twelve Wistar rats with a mean age of 90 days (body weight, 200g ± 50g) provided by the animal facility of the Potiguar University were kept in an environment with appropriate light (cycles of 12 h light/dark), ventilation and temperature (24°C). The animals were fed with a balanced diet (Labina ® Purina) and water ad libitum.
Preparation of the plant extract
Fresh plants of C. ambrosioides L. were collected and placed in a drying oven for three days. The plants were then homogenized and ethanol in a 1:3 ratio was added for the percolation process. The material was filtered and concentrated in rotary evaporator at a constant temperature of 60°C. The concentrated extract was weighed and diluted with distilled water, and a hydroalcoholic extract of mastruz at a concentration of 10% was obtained. This extract was kept in the refrigerator (5°C) and all experiments were performed before the end of validity of the product.
Induction of the osteroporosis
Bilateral ovariectomy was performed for the induction of osteoporosis in all animals. After surgery, the animals were divided into two groups: the ovariectomy-control group (G1, n = 6), which received 0.5 ml distilled water by gavage for 30 days, and the ovariectomy-mastruz group (G2, n = 6), which received 0.5 ml of the mastruz extract at a concentration of 10% (50 mg) daily, by the same period. The sample size was based in previous reports 25, 30 .
For the ovariectomy the animals were anesthetized using a Zoletil 50 solution (Virbac, São Paulo, Brazil) injected intramuscularly (IM) at a dose of 0.3mL/100mg in the quadriceps region. After anesthesia, the anterior abdominal region and hypogastrium were shaved, and antisepsis was ensured with 2% chlorhexidine solution. This was followed by a 3-cm longitudinal incision on the abdominal wall for exposing the uterus and ovaries.
After identifying the ovaries, the mesovarium was bilaterally 
Bioassay
Treatments were established 24h after completing bilateral ovariectomy. Accordingly, the animals received distilled water (G1) and mastruz extract at a concentration of 50 mg/day (G2) for 30 days by gavage, when the blood of the animals was collected for further biochemical analysis and they were sacrificed.
Histological and histomorphometric analyses
After sacrificing the animals with overdose of anesthetics, necropsy was performed and sections of liver and femur were taken for further histological analysis. The specimens were fixed in 10% formalin solution for 48h, then the femur was decalcified with nitric acid (5%) for five days, and both tissues were processed according to the standard protocol of the pathology laboratory.
Then, 5-μm sections were obtained from paraffin blocks by using a microtome. Tissue sections were mounted onto slides, which were then stained with hematoxylin and eosin (HE). The liver samples were also stained with Masson's trichrome and reticulin.
For microscopic analysis, the slides were analyzed in a binocular light microscope (Olympus CX31 model, Hamburg, Germany) with an attached camera. Photomicrographs of the various microscopic fields were taken at different magnifications (x40, x100, or x400). Liver morphology was analyzed in sections stained by the three dyes.
Histomorphometry was performed in the femur (one field for each sample at magnification of x40) to analyze the cortical bone area, in standardized region for all animals and groups (center of diaphysis of the femur). The adipocytes (these cells are easily identified by conventional microscopy) were quantified in the bone marrow in photomicrographs that were analyzed using the tool "Count Cell" of the Image J ® software (NIH, Bethesda, USA), according to the methodology earlier reported by Egan et al. 31 . To determine the cortical area, the total area of bone and bone marrow in the microscopic fields were calculated. The cortical area was obtained after subtracting the bone marrow from the total area, which was represented by the formula described below. These data were tabulated in Excel (Microsoft ® , WA, USA) software.
Formula: CORTICAL BONE AREA = TOTAL
SUFARCE OF BONE -AREA OF BONE MARROW

Biochemical analysis
The blood of the rats was collected by cardiac puncture for further biochemical analysis. Biochemical parameters were measured in the autoanalyzer spectrophotometer (60i Konelab 
Statistical analisys
Firstly the Kolmogorov-Smirnov test was done showing that the data sets showed normal distribution. Then, for comparison of the two groups the Student's t test was selected (parametric test). All tests were performed in the GraphPad Prism 5.0 software (GraphPad Software Inc., La Jolla, CA, USA) with a significance level of 95%.
Results
Histomorphometry of the cortical bone of the femur
The mean cortical areas of the femurs ranged from 169.3 to 228.7 in the ovariectomy-control group and from 219.4 to 302.3 (µm²) in the ovariectomy plus mastruz group, as shown in Figure   1 . The femur cortical areas of rats treated with mastruz were significantly larger than those of ovariectomy-control animals (Student's t test, p<0.05). 
Histological analysis of the bone marrow
The Figure 2 illustrates the histological aspects of the femur of rats from both groups. The bone marrow of rats from ovariectomy plus mastruz group ( Figure 2A ) were represented by a cellularized tissue with scarce adipocytes; whereas ovariectomycontrol rats presented larger amounts of adipose tissue permeating the bone marrow of the femur ( Figure 2B ). The bone marrow showed significantly higher adipocyte numbers in the ovariectomy-control group (Student's t test, p<0.05) (Figure 3 ) than in the ovariectomy plus mastruz group. 
Histological analysis of the liver
As seen in Figure 4 , the liver of the animals of the ovariectomy-control and ovariectomy plus mastruz groups showed only occasional alterations. A: normal architecture of hepatocytes, with some features of reversible lesions (HE, original magnification x400); B: absence of fibrosis (Masson's trichrome, original magnification x400) and C: normal distribution of reticular fibers (reticulin stain, original magnification x400). Photomicrographs of liver of rats in ovariectomy plus mastruz group. Aspects similar to the liver of rats in the control group: D (HE, original magnification x400), E (Masson's trichrome, original magnification x100), and F (reticulin stain, original magnification x400).
Areas of coagulation necrosis (red arrows).
Biochemical parameters
The results of the serological tests are shown in Table 1 . The blood levels of aspartate aminotransferase, triglycerides and cholesterol were significantly higher, whereas globulin and lactate dehydrogenase were smaller in ovariectomy plus mastruz group than in ovariectomy-control group (p<0.05). Alkaline phosphatase, glucose and minerals (calcium, phosphorus and magnesium) were similar in both groups (p>0.05). 
Discussion
In this study a model of osteoporosis induced by ovariectomy was used. This model is widely applied in the scientific literature, because it simulates the effects of estrogen deficiency on bone tissue. Considering that most menopausal women may have an alteration in bone metabolism (osteopenia or osteoporosis), understanding these mechanisms and proposing a prevention strategy is extremely important 20, 25, 32 .
C. ambrosioides L. is considered to be the most commonly used medicinal plant, but more studies are needed to validate its use for therapeutic purposes. Phytochemical studies revealed a variable amount of flavonoids and monoterpenes in its extract.
These bioactive compounds generally exhibit anti-inflammatory activities, which indicate its use for preventing osteoporosis [22] [23] [24] .
The most striking finding of this study was the significant increased cortical area of the femur in the ovariectomy plus mastruz group in comparison with the control group (p<0.05). Additionally, the bone marrow of treated rats was preserved showing high cellularity in opposition to the adipose tissue deposition observed in the control group. Besides these histological indications of the beneficial effects of mastruz in preserving the bone structure in the ovariectomized rats, some blood tests indicated higher cell metabolism in these animals. In fact, their blood levels of triglycerides and cholesterol were higher than those of the control animals. increases are consonant with increase of osteoblasts proliferation and synthesis, which resulted in the cortical bone increase. These data corroborate the findings of Pereira et al. 33 , who evaluated animal organs, including the bone marrow, in a toxicity model of continuous treatment with mastruz. They concluded that treatment with mastruz at higher doses was able to stimulate cell proliferation in the bone marrow of animals. Recent studies indicate that adipogenesis and osteogenesis mediated by the differentiation of mesenchymal stem cells that occur in the bone marrow are in perfect balance. However, osteogenesis is suppressed when adipocyte formation is induced 34, 35 . In the present study, it can be observed that the bone marrow of the animals treated with mastruz showed higher number of native bone marrow cells, whereas the adipocyte numbers were lower. Thus, we suggest that a possible mechanism of action of mastruz is the activation of osteogenesis and suppression of adipogenesis, which would imply a higher number of osteoblasts, and consequently greater bone formation. We found no published studies that evaluated the presence of adipocytes in the bone marrow of rats under antiosteoporotic therapy, which confirms the relevance of this study. Further studies are being conducted by our group in order to clarify these questions. It is known that herbal medicines may have adverse effects, especially when used indiscriminately and when they are not regulated by the appropriate authorities 30 . Knowing that most drugs are metabolized in the liver, in the present study this organ was histologically analyzed. Additionally, some blood tests able to evaluate liver condition were done. Liver enzymes, such as Alanine transaminase (ALT) and Aspartate transaminase (AST) when elevated may indicate inflammation or damage to cells in the liver, once they are related to the cellular integrity. Although, not specific to liver cells, the Lactate dehydrogenase (LDH) also indicates cellular damage. Serum glucose, globulin, as well as Alkaline phosphatase (ALP) levels in the blood may also be related to liver function. Hepatic lesions can impair the gluconeogenesis in the liver. On the other hand, large bile duct obstruction, intrahepatic cholestasis, or infiltrative diseases of the liver will lead to increased ALP levels in plasma. We have found that blood levels of AST were higher and the glucose levels smaller in the ovariectomy plus mastruz group than in ovariectomy-control. These findings would indicate a hepatotoxic effect of mastruz; however, the histological analysis of the liver did not confirm this hypothesis, once livers of both groups presented similar histomorphology. Coagulation necrosis was observed in only some animals of both groups, which could be an intrinsic characteristic of this organ related to the age of the animals, or even to the osteoporosis itself. Moreover, LDH levels were diminished in the ovariectomy plus mastruz group showing an overall less cellular damage to these rats than to the ovariectomy-control rats. Additionally, glucose as well ALP blood levels were similar in both groups. Thus, the glucogenesis was not impaired and the liver was not damaged enough to alter the ALP blood level. Taken altogether, there the mastruz extract seemed to be non hepatotoxic, at least in the concentration here applied.
Even with evident histological and histomorphometric alterations, treatment with the mastruz extract did not change serum levels of calcium, phosphorus, and magnesium. This suggests that the mechanism of action of this herbal medicine is probably at the cellular level, with osteoblast activation and osteoclast inhibition rather than in the metabolism of minerals. It has been reported that flavonoids extracted from medicinal plants may assist in osteoblast activation by binding to the estrogen receptors in these cells 36 .
Conclusion
The hydroalcoholic extract of mastruz has effects on bone metabolism by changing blood proteins and enzymes and preventing both bone loss and the substitution of bone marrow cells by adipocytes in ovariectomized rats.
